Abstract -The laser welding flexible manufacturing system (LWFMS) is a complex flexible manufacturing system which contains several robots and several workstations. In order to ensure the laser welding quality, an effective control model with intelligence is necessary. Based on the characteristics of the laser welding manufacturing system, a multi-agent system model has been built up on this system. The built model consists of three levels: the higher level, the middle level and the lower level. The production supervisory agent in the higher level manages the other level's agents. The middle layer consists of task management agent and system monitor agent which assign the tasks received from the high level to the lower agents. The lower level composes of exertion agents. The model proposed in this paper enhances the intelligence of the laser welding system and ensures the welding quality.
I. INTRODUCTION
With the development of the global economy and the internet, the technologies and environments of the manufacturing have been changed greatly, such as the faster increasing speed of the new products coming into the market, the shorter lifecycle of the products and more demands proposed by customers. It is a severe challenge for the development of the manufacturing. The dynamic and overchange requirement of the market can't be satisfied with the traditional manufacturing mode, so there has been more research on new manufacturing modes. By the end of the 1980s', the computer integrate manufacturing system (CIMS) had been developed rapidly. In the 1990s, many new types of manufacturing modes were developed, for example, the agile manufacturing the reconfigurable manufacturing, the virtual manufacturing and the intelligent manufacturing. At present, the intelligent manufacturing based on multi-agent system had been the hotspot of the research. A variety of approaches for MAS description, design, analysis, validation and simulation have been proposed in literature.
Multi-agent systems are composed of heterogeneous agent types with distinct agent properties, such as adaptation, mobility, collaboration and learning [1] [2] [3] . In a manufacturing system, the agents may be designed to represent various information units, the types of which reflect the capabilities of different departments of the system. In recent years, researchers have engaged in various researches on applying agent technology in developing manufacturing control systems. The view of original implementation of MAS in manufacturing was proposed by Yams [4, 5] who assigned an agent to each node in the control hierarchy (factory, workstation, machine). Carlos Ramos [6] has developed an architecture for dynamic monitoring in FMS which assigns an agent to each resource. He has also proposed a new negotiation protocol for rescheduling, which is able to deal with faults. Warnecke and Huser [7] adopted the metaphor of fractals to describe a model for a flexible manufacturing system (FMS) in which self-contained entities can organize themselves without the power of an external. Maturana et al propose MetaMorph, a multi-agent architecture, for distributed manufacturing system [8] . Two types of agents: resource agents for representing physical resources and mediator agents for coordination were adopted in their built control framework. Laws et al. proposed a viable reference architecture for a multi-agent supported holonic manufacturing system [9] ; and Kotak et al. introduced an agent-based holonic design and operations environment for distributed manufacturing [10] . Leitao et al. proposed a collaborative production automation and control architecture. The architecture provided a catalog of elements that simplifies the development of agent-based control systems for flexible manufacturing from design to operation [11] . Parunak and Baker [12] described a type of agent architecture for shop floor control and scheduling. Manufacturing resources, managers, part types, and unit processes are modeled as intelligent agents in their architecture. Among these research issues, the agent technologies are still immature and few true agent-based systems have been realized for manufacturing systems. The potential of the agent technologies has not been released completely. So the application of the multi-agent into manufacturing will be necessary.
Previous researches and developments have played a important role in promoting the application of agent technologies in distributed manufacturing system. However, few practical solutions to control and management of the LWFMS were reported. In LWFMS, there exist simultaneous coordination and cooperation among the different devices. Based upon multi-agent technology, this paper proposes a hybrid control framework aimed at providing a practical solution to those problems.
In this paper, we first give a detailed introduce to the general principles of multi-agent system, with the focus 1-4244-0828-8/07/$20.00 © 2007 IEEE. mainly on the application of multi-agent technology in FMS. Next, we divide the LWFMS into six different subsystems and present their functions. We present the hardware's instruction of LWFMS and give the laser welding process. In the end, we analyze the LWFMS characteristics and build up a hybrid control model to realize the complicated manufacturing control.
II. AGENT AND MULTI-AGENT SYSTEM

A. Agent
The concept of agent emerges from the domain of artificial intelligence. An agent is considered a software entity situated in a flexible production environment, with enough intelligence that is capable of autonomous control actions in this environment and of co-operation relationships by participating in association agreements with other entities in order to meet its design objectives [13] . In multi-agent system, an agent represents an active object provided with certain intelligence. Both objects and agents provide services to their clients. However, objects are non-autonomous entities that represent passive system elements. Those autonomous agents should have such properties [14] as autonomy, reactivity, pro-activeness and cooperation. It can be a physical entity, such as a machine, a robot or a resource, and can also be a logic entity, such as a task, an order. Every agent has relative independent behavior (knowledge, desire, intention, method, arrangement and decision). An agent is able to act on itself and on the surrounding world, generally populated by other agents. To perform its actions, this entity contains a partial representation of its environment, and can communicate with other agents of this environment, its knowledge and its interactions with the world and other agents.
Researchers have proposed many types of agent architectures. The common agent architecture consists mainly of learning module, knowledge base, control module and communication module. In this architecture, we add the reasoning and decision module to the agent in order to enhance its ability to solve problems (Fig.1) . The knowledge includes data base, knowledge base and resources status base which describes the information about the agent itself. In application of LWFMS, all agents describe the status and action of the system. The agents share data and collaborate intimately to achieve the objectives in the following FMS:
1) Co-ordination with agents on the same or on a superior layer of the FMS;
2) Execution of the local plan and by doing so communication with the agents of the subordinate layer of the FMS;
3) Optimization of the utilization of manufacturing resources dynamically and communication with other agents and the environment; 4) Unforeseen fault, in its own objectives and autonomous behaviors. 
B. The Multi-Agent and Application in MFS
In recent years, the research about multi-agent systems in the domain of artificial intelligence has generated a considerable amount of interest. Many researchers have proposed formal definitions for multi-agent system. A multiagent system consists of a set of entities. These entities comprise of different types of agents and objects that are immersed in the environment [15] . A multi-agent system is a distributed artificial intelligence system which embodies a number of autonomous agents to achieve common goals [16] . The agents in the multi-agent system can take specific role within an organizational structure. The agents need to interact with one another to meet their individual objectives and a common goal as well. A multi-agent system represents the decentralized nature in the FMS.
A Flexible Manufacturing System is often defined as a very complex production system that can handle a large and constantly changing variety of product types. Several machines, robots, transfer lines are combined to perform specific operations like assembling, unloading, conveying products [17] . The FMS is a real time system in which the correctness depends not only on the logical results of computation, but also on the time at which results were produced. In FMS, there are cooperation and coordination among different operations. Moreover, the FMS can be a distributed control system because there exist many devices, such as the robots, the machines and the convey devices, which are controlled by various controller. So, there exist many problems needed to be solved about how to realize the optimal control strategy design.
Multi-agent systems provide a novel approach to address complex problems where decisions should be based on the processing of information from various sources of diverse nature [18] . Each agent represents a source and the MAS stands for the overall manufacturing from management, planning to execution.
In a flexible manufacturing system, the agent may be designed to represent various information units, the types of which reflect the capabilities of different departments of the enterprise. What's more, these agents may share data collaborate to achieve the common objectives.
Multi-agent distributed control is the technology used to achieve a dynamically changing goal through the application of a dedicated and autonomous agent. In flexible manufacturing environments, the production floor consists of a set of multi-purpose workstations that can perform various operations. Now, researchers have been proposing centralized, hierarchical, heterarchical and hybrid structures for manufacturing control and management. The advantages and disadvantages of the four control structures were discussed by many works. For instance, the heterachical framework focuses on interactions between unit controllers to allow system flexibility, while ignoring interactions between higher and lower-level controllers. The lack of predictability and global perspective are major drawbacks of this framework. The main drawbacks of hierarchical control systems can be structural rigidity, difficulty of control system design and lack of flexibility. The main problems of heterarchical control systems can be lack of global information, and difficulty in predicting system performance. Bing proposes the FIPA agent-based structure of hierarchy in a distributed FMS control system which absorbs the merit of the four control structures. Developers of the hybrid framework have attempted to overcome some of the problems mentioned above by combining features of both hierarchical and heterachical frameworks. The hybrid framework enhances global performance with coordination between holons and agents.
III. LASER WELDING FLEXIBLE MANUFACTURING SYSTEM
A. Integrated Laser Welding FMS Architecture
A flexible manufacturing system (FMS) is a manufacturing machine, or multiple machines that are integrated by an automated material handling system, whose operation is managed by a computerized control system. An FMS can be reconfigured by computer control to produce different products. The typical application of the FMS in the industries is the integrated laser tailored welding FMS which has the ability to joint different chick and different material metal plates together adopt the advanced laser technology. In the modern design of automobile bodies, reduction in weight and maximization of the structural stiffness and passive safeties are the main challenges. The laser tailored welding blank manufactured by LWFMS is a promising solution to settling those problems. The characteristic of laser welding process decides the developing direction of the LWFMS flexibility. The flexibility and intelligence of the LWFMS combined with the integration has become a necessary trend in welding automation manufacturing. In resent years, many researches about LWFMS have been reported and some laser welding systems have been applied in automation industries. The LWFMS comprises of multi robot and its model can be seen from figure2. Fig 3 is the control framework of the LWFMS. Fig.2 The layout of LWFMS LWFMS consists of three robots, a laser welding subsystem, an on-line quality inspection subsystem, an alignment subsystem, a clamp subsystem, an intelligent control system, a seam tracking subsystem and so on. The functions of these subsystems can be seen as follow:
1) The Loader Subsystem: The loader subsystem is composed of a loader stable, two loader robots, a position sensor, an end grab hand and double blanks detection device. The loader subsystem has the function that the blank is grabbed by the end grab hand and laid down on the welding table. After being welded, the blanks which have been jointed are conveyed from the manufacturing line to a vacancy position.
2) The Alignment Subsystem: The alignment subsystem consists mainly of many position sensors, cylinders and four alignment pins. After the thin blank and the thick blank are laid down on the welding table, the cylinders can push the blanks to the right position waiting to be welded. 3) The Clamp Subsystem: During the process of the laser welding, the two welding blanks are placed side by side and mechanically fixed by the clamp subsystem in order to obtain Fig.4 The LWFMS control architecture based on multi-agent system in order to obtain good seam quality. This function is realized by the clamp subsystem.
4) The Laser Welding Subsystem: The laser welding subsystem consists of laser oscillator, laser head, optical fiber and the laser controller. During the welding process, the thick sheet and the thin sheet are fixed. The seam is formed through moving the laser head.
5) The Online Quality Inspection Subsystem: Usually the welding quality is assured by precise preparation of the plate edges and by setting two of the process parameters (laser power, focal spot of the laser beam). On-line quality control means that all sensors contributing are working time parallel and closely attached to the welding tool. No special inspection station is needed. Destruction of the welded is avoided. The online quality control system contains two CCD cameras and an information feedback unit.
B. The Material Flow Process
According to the analysis above we can have some cognition about the architecture and components of the LWFMS. In order to have a complete understanding about the laser welding manufacturing, we introduce the material flow process as follow: (a).the thick blank and the thin blank are put orderly on the welding table by robot 1 and robot 2. (b). two blanks are fixed and allocated by the clamp subsystem and the alignment subsystem. (c).after the signal that the blanks are ready is affirmed, the welding robot begins to work, at the same time, the on line quality inspection and the seam tracking subsystem begin to run. (d). when the blanks are jointed by laser welding, the unloader robot conveys the welded blanks to buffer table from the manufacturing line.
IV. NEW MODELING FRAMEWORK FOR LWFMS
From the above analysis about the structure and the components of LWFMS subsystems a new control modeling framework is built up based on the multi-agent technology. This modeling framework is a hybrid framework because it incorporates elements of the hierarchical and heterarchical frameworks. We use a static hierarchy which can simplify our model. A negotiation mechanism for real time task allocation is used in order to overcome the structural rigidity and the lack of flexibility.
Fig 4 shows our proposed LWFMS control model. In this model, we divide the LWFMS control system into three levels of agents: higher level, middle level and low level. A higher level agent, which has a global perspective, generates a global optimized schedule. The middle level agents dominate and monitor the low level agents. The lower level agents may autonomously make their negotiation with the higher level agents according to the rules planned previously.
A. Design of Agent Type
In this model, every subsystem mentioned in section 2 can be considered as a different type of intelligent agents. These intelligent agents may reside in their corresponding physical entities or in a separate computer system. Details of each agent are described in Table 1 . 
B. The Analysis of LWFMS Layers
1) The Higher Level: The production supervisory agent in higher level is the highest controlling body and it aims to satisfy the goals defined by the user. The classical functionsadministration of client orders, data management, material management and global control management are fulfilled at higher level. This agent has a broad view and is thus able to make decisions to prevent unstable behaviors. For example, if no lower agent is willing to execute the task, the higher agent has the power to force an agent to accept a specific assignment. The higher level can also dominate the middle agent for stable solutions by declining permission to middle agents on a specific assignment.
2) The Middle Level: The middle layer consists of task management agent and system monitor agent. The task management agent can be classified as a reactive scheduler. It maintains updated aggregate planning information, for example, the welding sequence of blanks is assigned to each resource. When it gets a request to change the original assignment, it examines the projected workload of resources in its control area and grants the request only if the assignment change is necessary or desirable. For instance, when a loader robot conveys a blank that may be an unqualified one, at the same time, the welding robot and the system have been ready for welding, so the loader robot must convey a quality blank again. In the return process of the loader robot, a message is submitted to the task management agent and a new assignment is done in the agent. Notice that the massage is submit to other agent of higher level and low level because the control design framework is interaction among levels. The major functions of monitor agent are error detection, error diagnosis and error handling. Each resource, including all robots, machines, tools, devices in the LWFMS are under the responsibility of the monitor agent. In this model, the monitor functions have been realized by the control mode which is a distributed system between the low agents and the monitor agents.
3) The Lower Level: Just as upper agents must take into consideration interests of the lower level agents, lower level agents must also contribute toward achievement of upper level agents' objectives [19] . Thus, the lower agents must satisfy up level agents' objectives while attempting to satisfy their personal objectives. The low agents share with common databases and can communicate massages each other by blackboard modes. For example, after the blank is ready for welding, the massage is reported in the blackboard and the welding robot can receive the news, and subsequently accomplishes the welding task. In LWFMS floor shop, these low agents stand for certain components and controllers by which the complex production control and management can be realized. The low agents are autonomous and independent in task execution, but they are managed commonly by the middle level and the higher level. So the level control is a distribute mode which offers robustness and agility with respect to uncertainties.
C. Interaction among Agents
When LWMFS begins to run, not only the agents in same level can communicate each other in real time but also the agents in different level can communicate in order to achieve a common objective. For example, a globally optimized scheduling can be generated in a higher level and be released to lower level agents.
All the agents need to communicate with the physical environment. Communication between an agent and the environment uses the machines or robots' communication protocols. This communication module of an agent must contain tool to carry out the communication with all the resources of LWFMS. An agent has the ability to extract information in the database and have information about the state of the robots or machines [20] . Agents also need to communicate with each other. This communication is performed by the exchange of messages, and is supported by a communication network linked by different physical devices.
V. CONCLUSIONS
In this paper, we have presented a multi-agent technology and developed a hybrid control model for LWFMS. The LWFMS consists of many subsystems and each subsystem is autonomous and independent in function. So each subsystem can be considered as an agent. The global objectives can be realized through the cooperation and co-ordination of all agents. In this built model, all agents are divided into three levels: higher level, middle level, and lower level. Each agent in a different level can communicate according to programming rules. The model is a hybrid control system because it comprises of the hierarchical and heterarchical control mode and overcomes the drawback of them. The application for LWFMS demonstrates that the hybrid control architecture is a very effective and appropriate approach for complex FMS control.
